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The otherwise exponential high-energy proton-proton diffraction cone
has two prominent structures, which are namely the ”break” staying fixed
around t ≈ −0.1 GeV2 and the ”dip” moving with increasing energy loga-
rithmically towards smaller |t| values. While at the ISR the two structures
are separated by a distance of about 1 GeV2, at the LHC the dip comes
close to the periphery of the ”break”, thus affecting its parametrization.
The Regge theory gives some opportunity to describe these phenomena
which have still disputable and quite different physics.2
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1 Introduction
The diffraction cone of high-energy elastic hadron scattering deviates from a purely
exponential due to two structures clearly visible in proton-proton scattering, namely
a ”break” (in fact, a smooth concave curvature) near t = −0.1 GeV2, whose position
is independent of energy) and the prominent ”dip” - diffraction minimum moving
slowly (logarithmically) with s towards smaller values of |t|, where s and t are the
Mandelstam variables. While in the ISR energy region, 23.5 ≤ √s ≤ 62.5 GeV, the
dip is known to be located near −t = 1.4 GeV2, at the LHC, √s = 7, TeV it was
found [1] near t ≈ −0.5 GeV2. Physics of the two phenomena is quite different and
still disputable: while the ”break” may be related to the two-pion threshold required
by t-channel unitarity [2], the dip (diffraction minimum) is a consequence of s-channel
unitarity or absorption corrections to the scattering amplitude [3].
As illustrated in Fig. 1, the ”break” corresponds to the nucleon ”atmosphere”
(pion clouding). The effect, first observed at the ISR was interpreted as manifestation
of t-channel unitarity, generating a two-pion loop in the cross channel (Fig. 2).
The diffraction minimum instead is a consequence of s-channel unitarity (or ab-
sorption corrections) damping the impact-parameter amplitude at small-b, as shown
in Fig. 1.
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Figure 1: Schematic (qualitative) view of the ”break”, followed by the diffraction
minimum (”dip”), shown both as function in t and its Fourier transform (impact
parameter representation), in b. While the ”break” reflects the presence of the pion
”atmosphere” (clouding) around the nucleon at peripheral values of b, the dip results
from absorption corrections, suppressing the impact parameter amplitude at small b.
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Figure 2: Feynman diagram for elastic scattering with t-channel exchange containing
a branch point at t = 4m2pi.
2 The ”break” at the ISR and at the LHC
In a recent paper [4] the low-|t| elastic pp data, including the ”break”, was scrutinized
at several energies. To answer the question about the universality of the fine structure
of the diffraction cone (of the pomeron?!) we have extrapolated the low-|t| structure
from the ISR [5] to the LHC [6]. To do so, a simple Regge-pole model was used, in
which the ”break” was parametrized by means of a non-linear pomeron trajectory
with a two-pion threshold corresponding to the loop of Fig. 2. The scattering am-
plitude was constructed by a supercritical pomeron AP and an effective reggeon Af
contributions:
A(s, t) = AP (s, t) + Af (s, t), (1)
where
AP (s, t) = −aP ebPαP (t)e−ipiαP (t)/2(s/s0)αP (t),
Af (s, t) = −afebfαf (t)e−ipiαf (t)/2(s/s0)αf (t) (2)
with the trajectories
αP (t) = α0P + α
′
P t− α1P (
√
4m2pi − t− 2mpi),
αf (t) = α0f + α
′
f t− α1f (
√
4m2pi − t− 2mpi). (3)
We use the norm:
dσ
dt
(s, t) =
pi
s2
|A(s, t)|2. (4)
Here mpi is the pion mass, 4m
2
pi = 0.08 GeV
2, s0 = 1 GeV
2 and the values of fitted
parameters are shown in Tab. 1.
At the LHC the ”break” is exposed by TOTEM [6] by means of the normalized
differential cross section
R =
dσ/dt− ref
ref
, (5)
where ref = AeBt with A and B determined from a fit to the experimental data.
The results of mapping the ”break” through the energy from the ISR to the LHC are
shown in Fig. 3 in the normalized form.
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Pomeron Effective reggeon
aP 0.0681012± 0.0333978 af 0.18991± 0.514455
bP 3.25783± 0.568682 bf 3.58861± 2.89681
α0P 1.11436± 0.00591921 α0f 0.911087± 0.0281833
α′P 0.444551± 0.0163735 α′f 0.887626± 0.396745
α1P 0.00246839± 0.00798562 α1f 0.0777937± 0.0668819
χ2/dof = 2.2
Table 1: Values of fitted parameters in mapping the ISR ”break” onto that at the
LHC.
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Figure 3: Calculated normalized differential cross sections – results of mapping the
ISR ”break” to that at the LHC.
3 Correlation between the ”break” and ”dip”
Fig. 4 shows that the normalized cross section calculated for TOTEM 7, 8 and 13 TeV
data drastically deceases starting from |t| ≈ 0.2 GeV2. Calculating the normalized
cross section for the ISR 52.8 GeV data in their high exponential range (Fig. 4) the
same decrease can be observed from higher |t| value. The reason of this phenomenon
is the vicinity of the dip [7]. The ”dip” is acting as a ”vortex” inclining the differential
cross section to drop towards the dip position.
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Figure 4: Effect of the ”vortex” behavior of the ”dip”. Figures of TOTEM measure-
ments at 7, 8 and 13 TeV are taken form Ref. [8].
To see clearly the ”break”, it is necessary to separate it from the influence of
the neighbouring dip. The details of the ”break” can be identified by optimizing the
t-range studied/fitted with account of the correlations with the neighbouring dip.
4 Conclusions
As emphasized at the beginning of the paper, the two structures on the otherwise
exponential diffraction cone have quite different origin and physical meaning. Despite
of it, as the ”dip” comes towards smaller |t| values it affects to the parametrization
of the ”break”. It is important to take into account their correlation to identify the
”break” at the LHC and higher energies.
The ”break” as seen at the ISR and at the LHC at
√
s = 8 TeV are of similar
nature: they appear nearly at the same value of t ≈ −0.1 GeV2 and may be fitted by
the same t-dependent function.
Theoretical calculations of the relative contribution of the loop diagram, relative
to the ”Born term” (the ratio of two diagrams in the r.h.s. of Fig. 2), is of great impor-
tance, however relevant calculations are beyond the capability of perturbative QCD.
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In a recent paper [9] we investigate the relative weight of two-pion effect to the
vertex coupling (Regge residue) compared to expanding size (pomeron propagator)
in producing the ”break”. We find that the effect primarily comes from the Regge
residue (proton-pomeron coupling), rather than from the Regge propagator.
The ”dip” region is also an important and complicated issue. Despite intense
work along these lines (see e.g. Ref. [10] and earlier references therein), the existing
models or theories are not able to predict unambiguously the details of this impor-
tant phenomenon. At the dip, unlike the forward region, the odderon may become
visible, moreover important, making different its shape in pp and pp scattering, how-
ever increasing also the number of degrees of freedom. New data from the TOTEM
Collaboration at the LHC at 13 TeV will become public soon.
ACKNOWLEDGEMENTS
I would like to thank to the organizers of the EDS 2017 their support and the inspiring
discussions at the Conference.
References
[1] TOTEM Collab. (G. Antchev et al.), EPL 95 41001 (2011).
[2] G. Cohen-Tannoudji et al., Nuov. Cim. 5, 957 (1972).
[3] L. Jenkovszky, Fortschritte der Physik, 84 (1986) 791;
[4] L. Jenkovszky, I. Szanyi, Phys. Part. Nuclei Lett., 14 5 (2017). arXiv:1701.01269.
[5] B. Barbiellini et. al., Phys. Lett. B39, 663 (1972).
[6] TOTEM Collab. (G. Antchev et al.), Nucl. Phys. B 899, 527 (2015),
arXiv:1503.08111.
[7] L. Jenkovszky, I. Szanyi, Mod. Phys. Lett. A 32, 1750116 (2017),
arXiv:1705.04880.
[8] M. Deile, Elastic and Total Cross-Section Measurements by TOTEM, in 17.
conference on Elastic and Diffractive Scattering (Prague, Czech Republic, 2017).
[9] L. Jenkovszky, I. Szanyi and C.-I Tan. Shape of Proton and the Pion Cloud to
be published, arXiv:1710.10594.
[10] L.L. Jenkovszky, A.I. Lengyel, D.I. Lontkovsky, Int. J. Mod. Phys. A 26, 4755
(2011), arXiv:1105.1202.
5
